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TITLE OF THE INVENTION 



AXIAL AIR-GAP VIBRATION MOTOR 



Rank pround the Invention 



L Field of the Invention 



The present invention relates to an improvement of an axial air-gap vibration motor 
comprising an eccentric rotor used as silent call means for a mobile communications device. 

2. Description of the Prior Art 

The Applicant has proposed in Japanese patent 2137724 (US patent 5,036,239) a flat 
coreless vibration motor wherein three air-core armature coils are disposed eccentrically on 
one side, thereby causing a rotor contained therein to be eccentric, and no output shaft is 

provided. 

Because much of the effective conductor length of the armature coils is used, this motor 
is comparatively efficient; with input of 3V. 8mA of consumable power can easily be obtained. 
In addition, because tiiere are no output shaft or eccentric weight and thus the motor is not 
subject to the corresponding design restrictions, it can be used in many ways, and, further. 
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there is no danger during rotation; for these and other reasons the motor was well received by 
the market. On the other hand, because the motor has three air-core windings on one side, the 
coUs necessarily have to be made small. For this reason, when such a motor is miniaturized, it 
is difficult to position the effective conductor portion of the coils at the pitch angle of 

magnetization for a magnet, which is a reference electrical angle. 

Recently, as disclosed m Japanese Laid-open Patent Application 2001-211624, motors 

have been proposed such that three air-core armature coils of large, middle and small size are 

caused to overlap in the radial direction at the same position, so that the spatial phases of the 

coils are equal. 

However, with such a configuration, unless the neutral zone of the magnet used is 
made large, there will be a portion generating reverse torque. Therefore, because a motor thus 
configured will have a magnet with a small effective cross-section area, its efficiency is not 
good. 

In addition, as disclosed in Japanese Laid-open Patent Application 2001-190052, there 
is a motor wherein two air-core coils of large and middle size are caused to overlap in the 
radial direction at the same position, so that the spatial phases are equal, and in place of a 
small coil a resistor is inserted. However, because a resistor that makes no contribution to 
torque is inserted, efficiency is degraded. 

Further, with a motor comprising an internal eccentric rotor where three armature coils 
are disposed on one side, as described above, the more such a motor is miniamrized, the 
smaller the intervals between the armature windings, and it becomes difficult to comiect the 



2 



terminal ends thereof to a rectifier in a manner that the armature windings are not damaged. In 
addition, because the armature coils must be made smaller than the pitch angle of 
magnetization of the magnet, which is a reference electrical angle, greater improvements in 
efficiency are desired. 

.Summary o f the Invention 

It is an object of the present invention to provide a flat vibration motor with few parts 
and resulting cost efficiency, by welding a shaft to a casing to make a fixed-shaft type motor, 
so that it not only appropriately generates vibrations through centrifugal force but is also 
efficient and easy to assemble and so that large vibrations are obtained by the skilful 

disposition of an eccentric weight. 

To achieve this object, a first aspect of the present mvention comprises a printed wiring 
board on a first surface of which a commutator is disposed, a shaft holder made of resin is 
integrally formed on a second surface, and a plurality of armature coils having at least one 
winding-type air core armature coil is disposed in an eccentric mamier in the radial direction 
on the outside of this resin holder; one sintered oil-impregnated bearing contained in the shaft 
holder; an eccentric weight disposed so as not to overlap with at least one winding-type air- 
core armature coil; 

an eccentric rotor comprising a comiector termmal part formed on the first surface of 
the printed wiring board so as not to overlap with the air-core armature coils; a shaft fixed by 
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laser welding beforehand to the casing from the outside so that a first end does not project 
outside of a housing; a magnet that imparts a magnet field to the eccentric rotor via an axial ah: 
gap; a brush that imparts electric power to the air-core armature coils via the commutator; and 
a housing comprising the casing and a bracket and containing the aforementioned; wherein 
after the eccentric rotor is mounted on a second end of the shaft so as to be rotatable, [the 
shaft] is received and stopped by the bracket and prevented from moving in the radial 
direction. 

Specifically, as in a second aspect of the present invention, a step portion may be 
formed on the casing and this step portion and the first end of the shaft are laser welded, so 
that the first end of the shaft does not protrude from the housing. 

More specifically, as in a third aspect of the present invention, the second end of the 
shaft may be laser welded to the bracket from the outside. 

Accordmg to the first aspect of the present invention, a vibration motor can be obtained 
such that vibrations are made large because the weight, which is a supplementary means, 
causes the center-of-gravity movement to be fiirther weighted to one side; comiecting the 
terminal ends of the air-core armature coils is facilitated by a comiector that does not overlap 
with the air-core armamre coils; the output shaft does not prottude, thereby allowing the motor 
to be thin; heat damage to the contained eccentric rotor can be prevented by laser welding one 
end of the shaft to the casing prior to mounting the eccenttic rotor to the casing, as opposed to 
siding afterwards; a right angle can be maintained between the shaft and casing ceiling by 
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means of a jig; and the fixing strength of the shaft is made large, incorporation of the rotor 
becomes simple, and one bearing is sufficient. 

According to the second aspect of the present invention, the step portion enables the 
laser-welded portion not to protrude outside of the housing. 

According to the third aspect of the present invention, a monocoque construction is 
achieved, improving impact resistance. 

ttrifff Descri ption nf the Drawings 

FIG. 1 is a plan view as seen from the rectifier of the eccentric rotor, showmg an 

embodiment of the present invention. 

FIG. 2 is a plan view as seen from the side opposite the eccentric rotor rectifier. 

FIG. 3 is a longitudinal sectional view cut along the A-A line of a flat vibration motor 
according to the present invention incorporating the rotor of FIG. 2. 

FIG. 4 is a drawing for explaining the movement of the motor of FIG. 3. 

FIG. 5 is a drawing of the assembling of the casing and shaft constituting the motor. 

Detailed Description of the P referred Embodiments 

The constitution of the present invention wUl be explained based on the embodiment 
shown in the drawings. 
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In FIGS. 1 and 2, 1 is a rectifier member made of a printed wiring board with a 
thickness of 0.15 with copper foil formed on both sides; in the center thereof a shaft passage 
hole is provided, and the external shape, when seen from a plan view, is an oval from which a 

portion has been cut away. 

One side of the printed wiring board has six rectifier comiection segment lands (a), (b), 
(c). (d), (e) and (f). and opposing segments are shorted by, for example, through holes SI, S2 
and a pattern provided on the other side of the prmted wirmg board. 

On the other side of this rectifier member 1. a resin shaft holder 2 is integrally 
provided in the center thereof, and an air-core disposition guide 2a is formed extending in 
three radial directions from this shaft holder 2. 

On this other side, air-core armature disposition imier diameter guides 2b, 2c are 
provided with, for example, a groove (m) formed on the printed wiring board interposing, and 
using the air-core armature disposition imier diameter guide 2b, a first winding-type air-core 
armature coil 3A is disposed thereon such that the effective conductive portion central space 
(in the radial direction of the rectifier member) has a pitch angle of substantially 90' (equal to 
the pitch angle of magnetization of the magnet). A second winding-type ak-core armature coil 
3B (being the same type as the first winding-type air-core armature coil 3A) is disposed with 
pitch angle shifted roughly 30' to the left so as to overlap the first winding-type air-core 
armature coil 3 A. 

Further, using the air-core armature disposition imier diameter guide 2c. a third 
winding-type air-core armature coil 3C (being the same type as the first winding-type air-core 
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armture coU 3A) is disposed at a position separated roughly 120- in pitch angle from the first 
winding-type air-core armature coil 3A. 

An eccentric weight 4 made from a tungsten ally is disposed so as to bridge the first 
winding-type air-core armature coil 3A and the third winding-type air-core armature coil 3C 
and so as not to protrude in the axial direction beyond the second winding-type air-core 
armature coil 3B; the eccentric weight 4 is integrally formed with the rectifier member 1 with 

an adhesive or other type of resin. 

Either of the air-core disposition guide 2a unitarily extending in three radial directions 
from the shaft holder 2 or the air-core armature coU disposition imier diameter guides 2b, 2c 
can be omitted. 

Here, the degree to which the first winding-type air-core armamre coil 3A and the 
second winding-type air-core armature coil 3B are shifted relative to each other is set at 30», 
but this can be set anywhere between 15° and 60". When shifted 60" and made to overlap, the 
first and third winding-type air-core armature coils are in positions that are 180" opposite, 
meaning that the centers of gravity and centers of these two coils match; thus to supply the 
eccentricity, the eccentric weight needs to be made large. 

On the other side of the rectifier comprising a prmted wiring board thus constituted, a 
winding ending terminal bundling comiector land lb is formed on the outer peripheral portion 
between the first and second air-core armature coils, and winding begimiing terminal 
comiector lands Ic, Id and le are formed on the opposite side, with the shaft pass-through 
hole therebetween. These winding begimiing terminal comiector lands Ic, Id and le are 
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connected to the aforementioned six rectifier connection segment lands (a), (b), (c), (d), (e) 
and (f) formed on the first side, via, for example, through holes SI, S2 opened at prescribed 
locations. 

The winding begimiing terminals of the winding-type au-core armature coils are 
comiected by, for example, soldering, to the wmding begimiing terminal comiector lands Ic, 
Id and le, and the winding endmg termmals of the coils are all comiected by, for example, 
soldering, to the winding ending terminal bundling connector land lb. 

A six-pole tubular rectifier 5 is attached to one side of this rectifier member 1 by, for 
example, soldermg the terminal ends thereof to the six rectifier comiection segment lands (a), 
(b), (c), (d), (e) and (f), and fiirther, on the other side, one oU-impregnated bearing 2d is 
embedded in the shaft holder 2; thus an eccentric rotor R is constituted. 

Here, in order to make the eccentricity large, there is fixed an eccentric weight 5 made 
from a copper-tungsten aUoy with a specific gravity of 13 or an eccentric weight 5 comprising 
copper-mngsten alloy particles bound in a polyamide resin, so as to weigh upon the first and 

second air-core armature coils. 

This eccentric weight may be a copper-tungsten alloy block with a high specific 
gravity, or it may be copper-tangsten alloy particles bound in a polyamide resm. 

FIG. 3 shows a flat vibration motor comprising the eccentric rotor of FIGS. 1 and 2. 
This vibration motor has a fixed shaft, and thus is a fixed-shaft type. 

This flat vibration motor has a housing comprising a bracket 8 and casing 7; ends 6a 
and 6b of a shaft 6 are fixed to the housing. 
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The bracket 8 is formed in a disk shape and the casing 7 is formed as a flat cylindrical 
cap, and outer periphery of the bracket 8 and opening end side of the casing 7 are fixed by, for 
example, welding at a plurality of locations. 

Regarding the shaft 6 that rotatably supports the eccentric rotor R, a first end 6a is 
inserted into a shaft insertion hole 7b provided on the casing 7, and is fixed to the casmg 7 
from the outside by, for example, laser welding. The shaft insertion hole 7b is provided on a 
step portion 7a formed in the center of the upper surface part 7f . The first end 6a of the shaft 6 
is welded within the step range of the step 7a, and does not protrude beyond the outer surface 
of the casing 7. 

In welding the shaft 6 to the casing 7, a jig J as shown in FIG. 5 is used and the casing 
7 is first welded. More specifically, the shaft 6 is inserted in a shaft guide hole Ja of the jig J, 
and the casing 7 is made to cover a casing receivmg part Jc so that the first shaft end 6a is 
inserted into the shaft insertion hole 7b. Thereafter, the casing 7 and shaft 6 are fixed to each 
other by laser welding from the outside the first end 6a of the shaft 6. The height of the shaft 6 
with respect to the casing 7 is kept constant by the position regulator Jb, and tiie right angle 
between the shaft 6 and the upper surface part 7f of the casing 7 is maintamed with sufficient 
accuracy by the shaft guide hole Ja, casing receiving part Jc and casing restramt Jd. 

A second end 6b of the shaft 6 is inserted mto a center hole 8a of the bracket 8. 
In cases where simple msertion of the second end 6b of the shaft 6 into the bracket 8 
will not be sufficiently strong, after the casing 7 and the bracket 8 are combined, the shaft 6 
may be fixed to the bracket 8 by laser welding from the outside. 
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Thus the housing together with the shaft 6 has an overall monocoque construction, 

leading to improved impact resistance. 

On this bracket 8, a brush base 10 on which brushes 9, 9 are provided is attached to a 
brush holder 10a. The brushes 9, 9 are in sliding contact with the tubular rectifier 5. 

This brush base 10 is provided on the bracket 8 by, for example, outsert molding, with 
a power supply sheet F, which comprises a flexible substrate, interposed therebetween; 
further, disposed on an upper portion thereof is a doughnut-shaped heat resistant rare earth 
magnet M magnetized so as to have four alternating north and south poles N and S. This 
magnet M opposes the eccentric rotor R with an axial air gap therebetween. 

FIG. 4 explains the movements of the motor shown in FIG. 3; elements having the 
same position as the rectifier segment lands and the rectifier segments not shown in the 
drawing will be explained using, for sake of convenience, the same indicators. 

HG. 4 shows a state when the negative brush 9 bridges the rectifier segment (a) and 
rectifier segment (b), that is, a state where, due to a current supplied firom the positive brush 9 
via the rectifier segment (c) and flowing in the direction of the arrow y through the effective 
conductor portion of all the coils, in accordance with the magnetic poles of the magnet M 
facing the coils and in accordance with Fleming's left-hand rule, the generated power is 
generated so as to move in the same direction (i.e., the direction indicated by the arrow Y). 

In such a case, the amount of eccentricity is reduced due to the movement of the second 
air-core armature coil; the position at which the second air-core armamre coil is overlapped 
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can have, as described above, an arrangement pitch angle of between 15' and 60', as indicated 
by the broken lines. 

However, in consideration of balance between eccentricity amount and generated 
torque, this angle is preferably between 30' and 40'. 

With such a configuration, the neutral zone of the magnet M does not need to be 
expanded, and because no matter what position the rotor stops at, there is no reverse torque 
component, activation is facilitated, and because there is no sacrifice of the effective cross 
sectional area of the magnet, efficiency is high. 

The opening of the casing 7 and the outer periphery of the bracket 8 are attached to 
each other by laser welding, and movement in the radial direction is restrained. 

Therefore, the magnet M floats above the bracket 8 and is also separated from the 
power supply sheet F; thus heat is not easily conducted. This power supply sheet F is a flexible 
power supply member to which the brush 9 has been attached by soldering, a portion of which 
is lead out from the side of the casing 7 and is comiected to an instrument side printed wiring 
board P (described below) at a position different from the attachment leg (described below) at 

time of reflow soldering. 

Here, the side of the casing 7 is cut open and an attachment leg 7a protrudes from the 
side; a lower part thereof is mounted on the mstrument side printed wiring board P such that a 
portion is embedded therein, and is attached thereto by reflow soldermg at a position separate 
from the power supply sheet F. 
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E m the figures is a thmt-direction sliding member made from a polyester film; 
pushing contact force of the brush causes it to receive the eccentric rotor so as to be slidable 

along the casing. 

In the above-described embodimem. the rectifier wa. described as being mbular; 
however, a flat rectifier such that the rectifier segment of the printed wiring board is noble- 
„e,al plated with a metal alloy (containing cobalt to improve hardness) and an axial direction 

slide contact brush may of course be used. 

Various other modifications may be made m the invention without departing from the 
technological essence and spirit thereof. Therefore, the above^escribed embodim^ts of the 
mvention merely serve to illustrate the invention and should not be construed as limitmg. 

The technological scope of the invention is defined in the claims and is not restricted by 
the detailed description of die inventton. 
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